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Abstract.
The paper gives an analysis of acoustic-emission signals measured in the course of laser 
cutting of steels plates DC04 and X5CrNi18-10. Laser cutting is a process in which there can 
be  a  wide  range  of  cutting  parameters,  but  nevertheless  cutting  of  plate  products  can  be 
accomplished. Within the range of the parameters concerned, however, the quality of a cut 
edge can vary quite strongly; laser-beam power density, cutting speed and consumption of 
cutting  oxygen  are  closely  related  to  the  cost-effectiveness  of  the  cutting  process.  The 
research was focused on laser cutting of steel plate DC04 and of austenitic stainless steel plate 
X5CrNi18-10 of 1.5 mm in thickness, which is frequently used in the production of body 
components in automotive industry. AE signals captured and measured with a PZT contact 
sensor during laser cutting can provide useful information for the assessment of laser-cut 
quality. Similarly AE bursts sensed after laser cutting give a good insight into the laser-cut 
quality.  A  use  of  AE  measurement  during  laser  cutting  of  a  deep-drawn  mudguard  is 
described as well. 
1. Introduction 
The use of laser cutting may provide high velocities of plate cutting, assuring good quality of 
the surface cut. Input parameters of laser cutting may be chosen from a wide range of cutting 
speeds and powers. For economic reasons, higher cutting speeds or lower output laser-beam 
powers are desired. A reduction of energy input to the cutting front, however, may result in 
lower  laser-cut  quality.  For  easier  achievement  of  high  cut  quality,  including  cost-
effectiveness  of  cutting,  various  system  of  process  supervision  and  control  have  been 
developed.  They  are  mainly  based  on  measuring  electromagnetic  waves  and  acoustic 
emission, which freely propagate from the cutting front in the course of cutting. In literature 
different methods of control of the laser cutting process are described. Researchers are often 
starting from measuring systems having different arrangements of a IR photodiode, a camera 
[1] or a pyroelectric detector [2] to capture the electromagnetic radiation from the point of 
interaction. Investigations using the analysis of airborne acoustic emission with microphones 
located in the vicinity of the point of interaction between the laser beam and the specimen 
material  are  described  [3,  4,  5].  It  turned  out  that  the  resonance  frequency  of  acoustic 
emission, which generates at the incidence of cutting oxygen into the cutting front and from 
which the cut geometry and quality can be evaluated, is important. Because of numerous 276        DEFEKTOSKOPIE  2008       
influences exerted on the sound captured in the course of laser cutting, the efficiency of 
description of the laser-cutting process on the basis of AE signals is often questionable. From
this point of view, contact PZT sensors are more suitable since they permit direct monitoring
of different physical phenomena and, consequently, good prediction of laser-cut quality by 
means of detecting acoustic emission in the sheet.
2. Experimental procedure 
Plate cutting was performed with an industrial CO2 laser processing system Spectra Physics
820, which has a maximum output power of 1500 W (Fig. 1). The laser head chosen had a 
focal distance of 127 mm and an output diameter of a conical nozzle of 2,2 mm. In cutting,
oxygen with an overpressure of 0,2 MPa was used as a cutting gas. During cutting the focus 
of the convergence lens was positioned 0,5 mm below the surface of the plate with thickness į
= 1,5 mm. Laser cutting was carried out at a plate of unalloyed steel designated DC04 (EN 
10027-1) and austenitic stainless steel X5CrNi18-10 (EN 10027-1). The steels chosen are 
often used in automotive industry to produce body parts. During the process the plate was
positioned on a workbench on a soft rubber support to prevent noise during the laser cutting. 
Under different cutting conditions 0,3 m up to 0,5 m long parallel cuts with spans of 2 cm
were made at the plate. During measurement the sensor was located 100 mm from the laser-
cut line. 
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Fig. 1.  AE capture during and after laser cutting of flat sheet.
A measurement device for measuring acoustic emission AMSY4 produced by Vallen Systeme
GmbH  and  a  contact  PZT  sensor  VS150-M  were  used  to  capture  acoustic  emission.  The
sensor makes it possible to register ultrasonic waves in a frequency range from 100 to 450 
kHz, the resonance frequency being at 150 kHz.
3. Experimental results
During the laser cutting process a turbulent flow of the cutting gas produces continuous AE 
signals. In a continuous signal changes of the signal amplitude value and frequency can be 
detected.  The continuous AE signals for the control of the cutting process are limited to 0.1 s.
The highest amplitude value during the signal duration in a certain moment of the cutting
process is shown in Fig. 2 with a point.  In case of cutting with a power of 430 W and speed 
of 1000 mm/min, signals with a relatively uniform amplitude value in the continuous signal
can be measured. A lower energy input at the interaction zone with increased cutting speed 
will result in a lower melt temperature and, consequently, in increased melt viscosity. Under 
these conditions the portion of the oxidized melt will decrease as well.  When the forces due
to gas flow cannot exceed the adhesion forces of the melt to the sheet surface, the meltDEFEKTOSKOPIE  2008                         277 
leftover will solidify quickly in the form of droplets at the lower edge of the cutting front,
and, consequently, dross will form. The solidification of the molten material persisting at the
lower edge of the cut and cracking of the oxide film will produce AE bursts in the continuous
signal. The distinctive AE bursts increase the amplitude value in the continuous signal, which 
is shown in Fig. 2b.
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             (a) P = 430 W, v = 1000 mm/min                 (b) P = 430 W, v = 2500 mm/min
Fig.  2.  AE  during  and  after  laser  cutting  of  DC04  steel  sheet  under  two  laser  cutting
conditions.
When cutting is stopped, acoustic emission in the form of bursts with appertaining signal
duration can still be captured. The signal duration is a time interval between the first and last
transition of the absolute signal voltage value across the amplitude threshold set, i.e. 0,1 mV
(40  dB).  The  individual  points  at  Fig.  2,  after  the  termination  of  cutting,  represent  the 
amplitude values of the AE bursts. A comparison of the signal amplitudes in Figs. 2a and 2b
indicates a characteristic difference among the captured continuous AE signals as well as in 
the AE activity after laser cutting under different conditions. The AE activity, nAE, defines the 
number of signals detected per unit of time (1 second). The increased AE activity is related to 
the size of the dross formed at the lower cut edge and is, consequently, an important indicator 
of laser-cut quality. 
The AE bursts represent cracking of the oxide film due to the difference in the coefficient of
thermal expansion of the oxides and that of the sheet material. Fig. 3 shows a cracked and Fig. 
4 partly peeled-off iron-oxide film at the laser-cut face (images obtained with an electronic
microscope).  The  AE  bursts  are  produced  also  by  the  onset  and  growth  of  cracks  and 
microcracks. Fig. 5 shows that a crack in the oxide film, when the adhesion is strong, can 
result in a crack at the sheet base material. A metallographic analysis of the laser-cut surface 
will confirm that the point of onset and propagation of microcracks is usually limited to the
lower edge of the laser cut and to the dross [6].278        DEFEKTOSKOPIE  2008       
 Fig. 3. Cracks at cut face in oxide film (DC04).
Fig.  4.  Cracked  and  peeled-off 
oxide  film  at  laser-cut  face 
(DC04).
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Fig. 5. Crack in oxide film resulting in crack in 
substrate (DC04).
Fig. 6. Martensite microstructure in dross 
at lower edge of laser cut (DC04). 
Generation of acoustic signals can also be attributed to phase changes [7], i.e. martensite
formation in rapid cooling of austenite. Fig. 6 shows the presence of martensite in the heat-
affected zone of the laser cut and in dross. The presence of martensite is confirmed also by 
Vickers  hardness  measurements.  Distinct  acoustic  emission  could  accompany  also  the 
oncoming martensite transformation [8]. The AE burst signals with lower amplitude values of
the voltage signal may be caused by events related to microplastic deformation of the material
in  connection  with  the  nucleation  and  gliding  of  dislocations.  Acoustic  emission  may  be
produced also by bonding defects occurring during solidification and cooling of dross with 
reference to the substrate, and the occurrence of porosity and micro cavities in the solidified
material. In the evaluation of AE signals the reflection of AE signals from specimen walls or 
other hindrances shall be taken into account too. 
3.1. Continuous acoustic emission during laser cutting 
Research results indicate that the amplitude value of an AE signal is a very suitable parameter
for the evaluation of the laser-cut quality. For the evaluation of the captured AE signals, an
average mA of the amplitude values of a series of 20 subsequent continuous AE signals with 
the  individual  laser-cutting  condition  was  taken.  A  signal  amplitude  value  represents  the
strongest deviation of the voltage signal from the zero axis during a signal duration. An 
analysis of the laser-cutting process showed that the continuous signals with a defined time DEFEKTOSKOPIE  2008                         279 
interval of signal duration, i.e. 0.1 s, were suitable for its control. The assumptions on the
influence of the individual factors on the variable analysed were confirmed with a factorial 
design, which includes an analysis of variance.
The influence of laser-beam power (P) and cutting speed (v) on the signal amplitude average 
mA was analysed. The analysis of variance, based on F0 test statistic, which represents a ratio
of  mean  squares  and  to  which  the  Snedecor  distribution  F  belongs,  makes  it  possible  to 
determine the distinct effects of the laser-beam power and cutting speed on the monitored 
response  in  measurement.  Because  of  the  same  distance  between  the individual  levels  of 
quantitative  factors  in  factorial  design,  a  method  of  orthogonal  polynomials  was  used  to 
determine an approximation polynomial. Fig. 7 shows a contoured representation of response 
surface for the signal amplitude average with the approximation polynomial. The thick curve
indicate the area of laser-cutting conditions at which the size of dross is acceptable.
1 3 5 7 9 11 13 15 17 19 21
430
460
490
520
550
580
610
640 68 70 72 74 76 78 80 82 84 86
CUTTING SPEED v [mm/min]
P
O
W
E
R
 
P
 
[
W
]
84-86
82-84
80-82
78-80
76-78
74-76
AMPLITUDE
AVERAGE
 mA [dB]
2500 2000  1500   1000
Acceptable
quality of
laser cutting
(a)
Fig. 7. a) Contoured representation of response surface for signal amplitude average mA
In a similar way, intensity average mI of a series of 20 subsequent continuous AE signals 
captured  with  the  individual  laser-cutting  condition  was  treated.  Signal  intensity  is
proportional to signal energy [8] and it is defined by an integral of signal square, 
dt t V I AE
2
0 ) ( ³
f
                                                                                                                         (1) 
From a comparison of the response surface for the AE signal amplitude average mA and of the 
signal intensity average mI, it can be inferred that an increase in AE signal amplitude is 
followed by an increase in the AE signal intensity [9].
3.2. AE bursts after laser cutting 
The  presence  of  dross  at  the  lower  cut  edge  is  well  shown  by  the  AE  bursts  after  the 
termination of laser cutting. Fig. 8 shows a distribution of the amplitude values of AE burst 
signals  immediately  after  the  termination  of  cutting  of  the  flat  DC04  steel  sheet  in  the
duration of 30 s. The number of the bursts exceeding the chosen signal amplitude level AAE,N,
i.e. 40 dB, 50 dB, ..., 90 dB, is marked NAAE. Measurements show that increased energy input 
to the cutting front results in a lower AE activity with lower amplitude values of voltage 
signals, which is a result of less or even no dross presence, which, in turn, results in better
laser-cut quality. It was found that the relation of the number of bursts NAAE and the signal 
amplitude levels AAE,N can be described with an exponential function. A greater distance of an 
exponential regression line from the origin of the coordinate system in the diagrams shows a 
greater AE activity.280        DEFEKTOSKOPIE  2008       
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Fig. 8. Distribution of the AE signals amplitude values after termination of laser cutting of
DC04 steel sheet under different conditions.
The laser cuts obtained at austenitic stainless steel differ from those obtained at unalloyed 
steels,  which  is  mainly  a  consequence  of  increased  chromium  content  in  the  steel.  The 
formation of a chromium-oxide film in the cutting zone during laser cutting ob austenitic 
stainless steel hinders further oxidation in the melt depth. In spite of tearing of the chromium-
oxide film, quite a lot of melt in the cutting zone remains unoxidised. The unoxidised melt
shows good adhesion to the cut surface, which hinders complete blowing-out of the melt from 
the laser cut with an oxygen jet. This results in a re-solidified melt holding to the laser cut 
surface and the presence of dross at the lower edge of the cut. Larger amounts of the solidified
oxides and of the base material at the cut surface and in the form of dross at the lower edge of 
the cut in comparison with unalloyed steel were confirmed also by the results of the analysis
of the AE bursts after the termination of cutting. Fig. 9 shows the distribution of the amplitude 
values in a period of 30 s after the termination of laser cutting of the flat sheet of X5CrNi18-
10 steel. In cutting with different parameters different qualities of the cut will be obtained.
Similarly as with unalloyed steel, poorer cut quality will show in a larger number of bursts 
after the termination of cutting.
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In laser cutting of the austenitic stainless steel sheet under the cutting conditions chosen and
within a wide range of energy inputs, the occurrence of dross at the lower edge could not be 
avoided. The difference in dross size in laser cutting of the X5CrNi18-10 stainless steel with DEFEKTOSKOPIE  2008                         281 
different parameters is less distinct than in cutting of the unalloyed DC04 steel, which was 
confirmed also in a parallel analysis of the AE bursts. 
3.3. Laser cutting of a deep-drawn part 
With unalloyed steels, the acoustic emission after the termination of laser cutting of a sheet
makes it possible to very successfully predict the quality of a laser cut under different cutting
conditions.  Poorer  quality  is  noticed  with  an  increased  number  of  AE  bursts  after  the 
termination of cutting, which is shown in an increased activity nAE. The increased activity nAE
is a result of the way the AE signals are treated. In the analysis the continuous signals were 
divided into defined time intervals of 0,1 s each. This means that the AE activity with the 
continuous signals does not exceed a value of 10/s. In case the AE bursts occur after the 
termination of cutting, the signal duration is less than 0,1 s because of which the AE activity
can be essentially higher. Fig. 10 shows an AE activity during cutting mud-guard out from a 
larger deep-drawn part made of DC04 sheet of 1,5 mm in thickness. During and after cutting 
at selected measuring points, i.e. MP1 and MP2, acoustic emission was monitored with the 
PZT contact sensor. The signals captured showed that the activity mightily increase after the
2
nd cut. This indicates a poorer quality of the 2
nd cut in comparison to the 1
st and 3
rd cuts. 
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4. Conclusions 
The  investigation  conducted  on  laser  cutting  showed  that  a  good  agreement  between  the 
quality of a laser cut and the captured acoustic emission signals exist. Continuous acoustic 
emission gives us an insight into laser cut quality during cutting and burst acoustic emission
after termination of laser cutting. Factorial analysis of experimental results shows significant
influence of used laser cutting conditions on amplitude average and intensity average of AE 
signals. Exponential relationship between the number of bursts in defined time interval and 
the signal amplitude levels after termination of laser cutting was found. Measurements show 
that increased energy input to the cutting front results in a lower AE activity with lower 
amplitude values of voltage signals, which is a result of less or even no dross presence.
Capturing of acoustic emission with a contact PZT sensor enables monitoring of important 
events directly in the product material and the quality of the laser cutting process may be
evaluated.282        DEFEKTOSKOPIE  2008       
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